Introduction: The effect of dipeptidyl peptidase-4 (DDP-4) inhibitors versus a-glucosidase inhibitors (AGIs) on the treatment of type 2 diabetes mellitus (T2DM) in a real-world setting is unknown. The aim of this real-world study
Propensity score matching (PSM) was used to balance the two groups. Results: The success rates of the composite endpoint were higher in the VM group (n = 604/159 before/after PSM) than in the AM group (n = 159/157 before/after PSM), but the difference was not statistically significant (before PSM: 53.0 vs. 46.5%, P = 0.148; after PSM: 56.7 vs. 45.9%, P = 0.055). The glycemic control rate and HbA1c reduction were similar between groups at 3, 6, and 12 months. Compared with the AM group, the VM group had lower risks of any tolerability event (relative risk [RR] 0.53, 95% confidence interval [CI] 0.33-0.83, P = 0.006), of any adverse event (AE) (RR 0.64, 95% CI 0.41-1.00, P = 0.049), and of any serious AE (RR 0.45, 95% CI 0.25-0.81, P = 0.007).
Conclusion:
The results of this real-world study suggest that vildagliptin as add-on to metformin monotherapy had a similar glucoselowering effect to AGI as add-on to metformin monotherapy, but with better safety.
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Key Summary Points
Why carry out this study?
Randomized trials have shown that dipeptidyl peptidase-4 (DPP-4) inhibitors and a-glucosidase inhibitors (AGIs) are effective therapies for type 2 diabetes (T2DM). Nevertheless, real-world data are missing regarding the effects of DPP-4 inhibitors versus AGIs as add-ons to metformin monotherapy in Chinese T2DM patients.
The aim of this study was to compare the glucose-lowering effect and tolerability of vildagliptin as add-on to metformin monotherapy (VM) and AGI as add-on to metformin monotherapy (AM) in Chinese T2DM patients in a real-world setting.
What was learned from the study?
T2DM patients prescribed VM were younger, more obese and had a higher baseline glycated hemoglobin (HbA1c) and a shorter duration of T2DM compared with T2DM patients prescribed AM in China.
VM had a similar glucose-lowering effect as AM, but with better tolerability and safety.
This study provides real-world evidence for physicians for treatment regimen selection, especially for Asian T2DM patients who differ from their Western counterparts in terms of genetic and dietary backgrounds.
INTRODUCTION
The incidence and prevalence of type 2 diabetes mellitus (T2DM) have increased sharply in China over the past decades, such that the management of this disease has become an important healthcare challenge [1] . The overall glycemic control rate in Chinese T2DM patients has been reported to be around 47%, which is unsatisfactory [2] . At present, metformin is the standard first-line oral antidiabetic drug (OAD) for T2DM patients, but treatment intensification is usually required due to the progressive nature of T2DM. International and Chinese guidelines [3] [4] [5] recommend lifestyle intervention and combination therapy in newly diagnosed T2DM patients whose glycemic control is inadequate on monotherapy.
The selection of combination therapy should be individualized based on efficacy, tolerance, safety, and cost [3] [4] [5] [6] . East Asians differ from Westerners in terms of diet, environment, and genetics and, consequently, special considerations regarding T2DM treatment have to be taken into account [7] . Carbohydrates are the core food for most Chinese individuals and, combined with genetic differences, the postprandial blood glucose levels are higher in the Chinese population than in the European population [8] . Since a-glucosidase inhibitors (AGIs) can reduce postprandial glucose levels by inhibiting the absorption of carbohydrates in the upper part of the small intestine, they are widely used to treat T2DM in Chinese patients [7] . Nevertheless, randomized controlled trials (RCTs) have shown that AGI use is associated with increased risks of gastrointestinal events, such as abdominal distension and flatulence [5] . Dipeptidyl peptidase-4 (DPP-4) inhibitors inhibit the catabolism of glucagon-like peptide-1 (GLP-1) by prolonging its plasma half-life and duration of action [9] . Meta-analyses have demonstrated that the different DPP-4 inhibitors have significant glucose-lowering effects [10] , especially in Asians [11] , probably due to the lower body mass index (BMI) of Asians relative to Westerners.
A number of RCTs have revealed the efficacy and safety of AGIs or DPP-4 inhibitors as monotherapy as well as in combination with metformin [12] [13] [14] [15] [16] . Similar glycemic reductions were observed when using DPP-4 inhibitors or AGIs although the mechanisms of these two types of drug are different. In addition, DPP-4 inhibitors have shown better tolerability and safety in RCTs. Nevertheless, real-world data are missing on the effects of DPP-4 inhibitors versus AGIs as add-ons to metformin monotherapy in Chinese T2DM patients. Vildagliptin is a potent DPP-4 inhibitor that has been shown to be well tolerated and efficacious in patients with T2DM [17] .
The aim of this study was to compare the glucose-lowering effect and tolerability of vildagliptin as add-on to metformin (VM) and AGI as add-on to metformin (AM) in T2DM patients with inadequate glycemic control on metformin monotherapy by using data from the China Prospective Diabetes Study (PDS).
METHODS

Study Design and Population
The study reported here was a subgroup analysis of the original China PDS, which was a postmarketing, multicenter, Table 1 ). Written informed consent for the study was obtained from all participants before enrollment. Since no individual person's data were included in this article, the requirement for patient consent for publication was waived by the ethics committees. The inclusion criteria for the PDS were: (1) C 18 years of age; (2) diagnosis of T2DM with the last available (within 3 months) hemoglobin A1c (HbA1c) measurement ranging from 7 to 11%; (3) inadequate disease control on monotherapy; and (4) prescription of add-on OAD therapy by treating physician. The exclusion criteria were: (1) participation in any RCT; (2) treatment with insulin and/or GLP-1 analogue or agonist, and/or oral anti-diabetic single pill combination, or plans to use any of the above drugs before enrollment; (3) pregnant or lactating; or (4) unable to attend regular followup visits, including non-local residents or other patients, as judged by the investigators.
In order to preserve the observational and non-interventional nature of the study, the patients were approached for participation in the study after they were prescribed an add-on OAD. Recruitment was performed by a study group that worked independently of the treating physicians. The China PDS enrolled T2DM patients who were prescribed vildagliptin plus other OADs or another combination of dual OADs based on their treating physician's decision. In the present study, only patients prescribed VM or AM were included in the subgroup analysis.
Data Collection
All data were recorded in an electronic case report form and collected in an electronic data capture system. The baseline characteristics included age, gender, BMI, baseline HbA1c, smoking history, drinking history, physical exercise, family history, duration of disease, and comorbidities. Patients were followed up at 3, 6 and 12 months after the initiation of combination therapy.
Endpoints
The composite primary endpoint was treatment success, defined as HbA1c\ 7% after 12 months treatment and without any tolerability event, including hypoglycemia (symptoms suggestive of hypoglycemia, confirmed by self-monitored blood glucose \ 3.1 mmol/L, and relief of symptoms after consumption of carbohydrates [19] ), clinically significant weight gain (weight gain C 3%, according to National Institutes of Health guidelines [20, 21] ), and gastrointestinal events leading to discontinuation of the treatment (including decreased or increased appetite, abdominal pain, diarrhea, nausea, vomiting, dry mouth, dyspepsia, and weight loss [21] ). The secondary endpoints were the glycemic control rate (HbA1c \ 7%), change in HbA1c from baseline to 3, 6, 12 months, tolerability events, and adverse events (AEs). AEs were recorded using the Medical Dictionary for Regulatory Activities (MedDRA) version 15.1 (https://www.meddra.org/). Serious AEs (SAEs) were defined as follows: (1) fatal or life-threatening AEs; (2) persistent or severe disability; (3) requiring hospitalization or prolonging hospital stay due to the exacerbation of T2DM; and (4) requiring intervention to avoid AEs.
Statistical Analysis
The full-analysis set (FAS) included patients on VM or AM treatment and with at least one evaluation of effectiveness. The safety analysis set (SAS) included all patients who participated in this study with at least one safety evaluation.
The two groups were matched based on BMI and baseline HbA1c using propensity score matching (PSM). Continuous variables were expressed as the median with the inter-quartile range or as the mean ± the standard deviation according to whether or not they showed an accordance with a normal distribution, and they were compared using the Mann-Whitney U test or Student t test. Categorical variables were expressed as the frequency with the percentage and compared using the Chi-square test or Fisher exact test. Odds ratios (ORs) and relative risks (RRs) and 95% confidential intervals (CIs) were calculated. ORs for the composite primary endpoint were adjusted for the baseline variables recorded. All statistical analyses were performed using SAS version 9.2 (SAS Institute, Cary, NY, USA). A two-sided P value of \ 0.05 was considered to be statistically significant.
RESULTS
Baseline Characteristics
Between June 2013 and April 2017, a total of 1657 patients were enrolled in the PDS. The detailed OAD treatment regimen prescribed to patients in the PDS are provided in ESM Table 2 . In the present study, the SAS included 724 patients in the VM group and 185 in the AM group; the FAS included 604 patients in the VM group and 159 in the AM group. After PSM, there were 157 (26.0%) patients in the VM group and 157 (98.7%) in the AM group. The baseline characteristics of the study subjects before and after PSM are shown in Table 1 . Before PSM, the patients in the VM group were younger than those in the AM group (median 52 vs. 58 years, P \ 0.001), had a higher BMI (median 26.0 vs. 25.2 kg/m 2 , P = 0.003), had higher HbA1c levels (8.32% ± 1.05% vs. 7.84% ± 0.74%, P \ 0.001), exercised less (92.4 vs. 96.9%, P = 0.045), and had a shorter duration of disease (median 34.2 vs. 52.4 months, P \ 0.001). After PSM, there were no significant differences in baseline BMI (median 25.4 vs. 25.2 kg/m 2 ) and HbA1c (7.85% ± 0.72% vs. 7.85 % ± 0.74%) (P [ 0.05) between the VM group and AM group.
Composite Primary Endpoint
Both before and after PSM the success rates of the composite endpoint were higher in the VM group than in the AM group (Fig. 1 ), but the difference was not statistically significant (before PSM: 53.0 vs. 46.5%, P = 0.148; after PSM: 56.7 vs. 45.9%, P = 0.055). Compared with the AM group, the ORs for the primary endpoint in the VM group were 1.44 (95% CI 0.99-2.09) before PSM and 1.54 (95% CI 0.99-2.40) after PSM (Fig. 1) .
Glycemic Control
The glycemic control rate improved rapidly from baseline to 6 months and further improved at a slower rate after 6 months in both the VM and AM groups (Fig. 2a, b) . Before PSM, the glycemic control rate was lower in the VM group at 3 months, but numerically higher at 6 and 12 months compared with the AM group, but the difference at each follow-up was not statistically significant (3 months: 40.5 vs. 44.7%; 6 months: 50.6 vs. 50.0%; 12 months: 54.0 vs. 50.9%; all P [ 0.05). After PSM, the glycemic control rates were higher in the VM group than in the AM group at 3, 6 and 12 months, but the difference at each follow-up was not statistically significant (3 months: 48.1% vs. 43.9%; 6 months: 57.8% vs. 49.4%; 12 months: 58.6% vs. 50.3%; all P [ 0.05). The reduction in HbA1c was more pronounced in the VM group than in the AM group before PSM, but with no significant difference at each follow-up ( Fig. 2c; 3 months: -1.13% ± 1.22% vs.
-0.75% ± 0.98%; 6 months: 1.24% ± 1.25% vs. -0.71 % ± 1.17%; 12 months: -1.27% ± 1.34% vs. -0.75% ± 1.17%; all P [ 0.05). After PSM, the reduction in HbA1c was similar in the two groups at 3 months and greater in the VM group at 6 and 12 months compared with the AM group, but with no significant difference at each follow-up ( Fig. 2d; 3 months: -0.75 ± 1.05% vs. -0.75 ± 0.99%; 6 months: -0.91 ± 0.95% vs. -0.71 ± 1.17%; 
Tolerability Events
Individual tolerability events are shown in Table 2 . The results indicated that the VM group had lower risks of any tolerability event compared with the AM group (RR 0.53, 95% CI 0.33-0.83, P = 0.006). There were 46 (7.6%) and 20 (12.6%) patients with clinically significant weight gain (C 3%) in the VM and AM groups, respectively (RR 0.61, 95% CI 0.37-0.99, P = 0.048). No difference in hypoglycemia events was observed between the two groups (0.3 vs. 1.3%, P = 0.193). Two (1.3%) patients in the AM group experienced gastrointestinal events leading to discontinuation of the treatment in the AM group and none in the VM group (P = 0.043).
Adverse Events
Adverse events are shown in Table 3 . The results indicated that the VM group (n = 724) had lower risks than the AM group (n = 185) of experiencing any AE (RR 0.64, 95% CI 0.41-1.00, P = 0.049) and any SAE (RR 0.45, 95% CI 0.25-0.81, P = 0.007). There were no significant between-group differences regarding AEs leading to discontinuation of the treatment (P = 0.687), hypoglycemic episodes (P = 0.140), or gastrointestinal events (P = 0.279). In the AM group, one patient discontinued the treatment due to a SAE (renal failure) and one patient died of cerebral hemorrhage.
DISCUSSION
Real-world evidence is essential to verify the effects of DPP-4 inhibitors or AGIs as add-on therapy to metformin in Chinese patients with T2DM. The study reported here is the first realworld study that compares the glucose-lowering effect and tolerability of VM versus AM therapy in T2DM patients with inadequate glycemic control on monotherapy in China. The results suggest that vildagliptin as add-on to metformin monotherapy had a similar glucoselowering effect as the AGI as add-on to metformin monotherapy, but with better safety. In real-world clinical practice in China, AGI as add-on medication to metformin is the second most common non-vildagliptin dual OAD Fig. 1 Success rates of the composite primary endpoint in the vildagliptin add-on to metformin (VM) and aglucosidase inhibitor add-on to metformin (AM) therapy groups. a Before propensity score matching (PSM), b after PSM. The composite primary endpoint was defined as glycemic control (hemoglobin A1c \ 7%) at 12 months and without any tolerability event, including hypoglycemia, weight gain C 3%, and gastrointestinal events leading to discontinuation of the treatment. CI Confidence interval, OR odds ratio combination [18] . Pre-PSM baseline results from our study showed that in this real-life setting in China, compared to patients on VM, those on AM were older, had a lower BMI, a longer disease duration, and lower baseline HbA1c. These characteristics for patients on AM were in general agreement with those for patients on nonvildagliptin combination therapy in China [18] and are consistent with previous real-life data on acarbose use, with East Asian patients on acarbose reported to be older and less obese [22] . The distinct prescription pattern for VM versus that for other dual OAD, non-vildagliptin combination therapies (including AM) in China might be partially attributed to physician preference, which requires further research in the future.
When the lifestyle and genetic background of Asians are taken into account, both DPP-4 inhibitors and AGIs have been found to be suitable medications for Chinese patients with T2DM [5] . Previous RCTs have proven the efficacy and safety of AGIs or DPP-4 inhibitors as monotherapy as well as in combination with Fig. 2 Glycemic control rates and mean changes of hemoglobin A1c (HbA1c) from baseline in the VM and AM groups. a Glycemic control rates (HbA1c \ 7%) before propensity score matching (PSM) (inter-group comparison: 3 months, P = 0.358; 6 months, P = 0.893, 12 months, P = 0.496). b Glycemic control rates (HbA1c \ 7%) after PSM (inter-group comparison: 3 months, P = 0.476; 6 months, P = 0.140, 12 months; P = 0.141). c Mean changes in HbA1c from baseline before PSM (inter-group comparison: 3 months, P = 0.931; 6 months, P = 0.094, 12 months; P = 0.202). Mean baseline HbA1c was 8.32% ± 1.05% in the VM group and 7.84% ± 0.74% in the AM group before PSM. d Mean changes of HbA1c from baseline after PSM (inter-group comparison: 3 months, P = 0.970; 6 months, P = 0.066, 12 months; P = 0.095). Mean baseline HbA1c was 7.85% ± 0.72% in the VM group and 7.85% ± 0.74% in the AM group after PSM. Error bars are the SD metformin [12] [13] [14] [15] [16] 23] . Gao et al. [12] reported that AGI monotherapy led to better glycemic control than the use of a DDP-4 inhibitor alone. Min et al. [13] demonstrated that the addition of a DPP-4 inhibitor to the treatment regimen of patients with T2DM inadequately controlled with an AGI could achieve better glycemic control without further increasing the risk of weight gain and hypoglycemia. Two metaanalyses have indicated that DPP-4 inhibitors could be considered as an add-on therapy to metformin in patients with inadequately controlled T2DM [15, 16] . In Japanese patients, Yokoh et al. [24] showed that the addition of sitagliptin to metformin or pioglitazone monotherapy showed better efficacy and tolerability than the addition of an AGI. In the present real-world study, the success rate of the composite primary endpoint and the glycemic control rate were higher in the VM group than in the AM group, and the reduction in HbA1c was more pronounced, although the differences were not statistically significant. A previous RCT showed the non-inferiority of vildagliptin versus acarbose monotherapy in terms of glycemic control efficacy [25] . Our study also showed a similar efficacy of vildagliptin and AGIs as add- In the present study, we observed a trend to an increased frequency of gastrointestinal events for the AM group versus the VM group (3.2 vs. 1.9%). In addition, gastrointestinal events leading to discontinuation of the treatment occurred in two patients in the AM group, while none occurredin the VM group; this difference was statistically significant. Gastrointestinal events are common AEs in patients treated with AGIs [5] . A meta-analysis of RCTs showed that the incidence of gastrointestinal events increased in patients receiving AGIs as compared to those with placebo, but not in those receiving vildagliptin [26] . Further, a previous RCT that directly compared vildagliptin with an AGI as monotherapy [25] showed that the incidence of gastrointestinal events was decreased by 62% with vildagliptin. A network meta-analysis of RCTs also supported these findings, reporting that the incidence of gastrointestinal events after treatment with vildagliptin was lower than that after treatment with AGIs (OR 0.38; 95% CI 0.21-0.67) [26] . Notably, a relatively low incidence of gastrointestinal events was reported in the AM group in the present study, as compared with previous RCTs. One possible explanation is that the doses of AGI used in real-life are lower than those used in RCTs and that AGI-related AEs are dose-dependent [27] . Indeed, one large-scale study on acarbose showed that the highest dose of acarbose for most patients with T2DM was 50 mg three times daily in real-life, whereas the usual doses used in RCTs were C 100 mg three times daily [28] . The inadequate up-titration of AGIs may be partially due to concerns for side effects. In addition, AGI-related gastrointestinal events have been reported to be less frequent in Asians than in non-Asians [12] . Alternatively, monitoring AEs in a real-world setting might be more difficult than in the context of a rigorous RCT and some under-reporting might have occurred in our study, especially for common mild AEs.
The occurrence of SAEs was significantly lower in the VM group than in the AM group, suggesting that VM therapy may have some specific advantages in terms of safety. For patients with severe comorbidities, vildagliptin may be a better choice than AGIs. Nevertheless, precaution needs to be taken regarding the interpretation of safety data from our study as the age/disease course after PSM were still unbalanced. In addition, as for the gastrointestinal events, SAEs might have suffered from underreporting if they were managed at another hospital than the one participating in the PDS and if the participant failed to report it during a study visit.
This study presents evidence with unselected patients that reflects the real-world setting. Baseline characteristics of the patient groups before PSM indicated that in real-world clinical practice, physicians in China may consider vildagliptin to be the preferred agent as add-on in combination with metformin in patients with higher baseline HbA1c, compared to AGIs. Notably, the glucose-lowering extent of DPP-4 inhibitors is related to the baseline HbA1c level (i.e., the higher the baseline HbA1c level, the more it will be reduced by DPP-4 inhibitors) [5] . In addition, the use of DPP-4 inhibitors does not increase the risk of hypoglycemia. Taken together, these factors may lead physicians in China to prefer vildagliptin over AGIs as an add-on combination with metformin.
Our study has several limitations. First, due to the non-randomization nature of the study, our results are subject to bias introduced by potential confounding factors. In real-world China, prescribers of vildagliptin are younger and have a shorter disease duration. To reserve a sufficient sample size for analysis, no matching for age and disease duration for the VM and AM groups was performed. Second, a short followup period and endpoints, such as the occurrence of cardiovascular events, were not analyzed.
CONCLUSION
In conclusion, this real-world study suggests that vildagliptin as add-on to metformin had a similar glucose-lowering effect as AGI as add-on to metformin, but with better safety.
